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^ ^^o\) ^7} ^ Al^^A^ ^Sfl *fll * ^2^ <£-g- 

£ 7 

OFDM, ^sj-^ j±#, ^ ^3)-^ SLS-^l ^ & 
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COMPENSATING FREQUENCE OFFSET IN MOBILE COMMUNICATION SYSTEM} 

SlxT 51^. 

£ 6£- ^J-^H 7}^}Jl 91^ 90S. 3H V ^sHr DCR^I ^ o. Jioj 
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<8> ol^AlAl^^cH) ^O.^, ^7]# ^tr *H1 

^ SL#-*r*r #*1 "o^l ^ 
o> ol^AlAl^^ofl^^ ^-^^fl^^ -If-^ofl ^a o v ^EKphase jitter), 

5.1-5] ^ol( d oppier shift) ^^t^ ^7l^ ^7l7> *o>^« ^ ^sH^<4 

^a] -§-7ls}-7> o]^^xl^l Qo\ ^n}^- ^.H^i (Frequency Offset )°] lM9*r7fl 

€^r. #7l ^sf^^r #7l oj^AlAliEfl^ #^1#*HH ^^^>7] ^«fl 

^r-g-^l^ <£^2r£] ^4^r°H, #7l ^ ^^Hr^r #71 °1 ^§-41*1^1^ ^1#*HH 41 Jl 
* ^*>7l ^«fl A|-g-£]^ ^4^°l^f. #71 lHi*Ml Sl^ ^^o] 

51^ *3:7l^ 1-^^ ^/^A]^ ^ 7 R1, ^ ^27} o] -f.o} *| *] c£-g- 

<io> £ i^ -f-^-^o] ^JE^^o1^ S (qpsk : Quadrature Phase Shift Keying) U <H1* a>-§- 

j£o]j7 Ol^ 44 ^o] AV 7 ) QpSK W 0 >^-i- A>-§-^>^ ol^AlAl^Efl^ 3^1#*HH^ *I^rJL 

7> ^ #Jl 905.^ $]# 7}*]^ ^ ^# ^^^1^(1 ^^^lS)2f 31 ill ^Aj- *fl 

Vi^JUQ ^HW^S)^ ^tbcl-. tr^, #7l QPSK y cM^ >M"§-*r^ °1^#^1^1^^^ 
^HHtt #3: 905^1 fl# *V» ^ ^# ^^(I ^^^ls)2f ^# 

(Q ^^IJD* ^*>J1, #71 I ^fl^Al^<4 a o V 7 ] q ^^Aj^^JjLE-j <g^i=. ^jjif 4^^Vcf . 
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3^71(110)5. ^^^C}. ^7} *^]7l(110)rr #7] I ^W^lS^- #7] Q 

^(RF : Radio Frequence) cfl^ £.5. ^-^tH^M #^tri}. ^7} ^-^^ ^sflA-]^ 

^ ^47} A>^-^cf. #7] Rp cflo^ ^aIa]^^ #^7l(PA : Power Amp)(120)l- 

7i ^#7l (LNA : Low Noise Amp) (130)5. ^ ^^-§- ^ 

^7>Al7l7l ^^V ^^ol ol^-o^t} a o 1- 7 | LNA( 130)5-^ #^5]^ RF cfl^S) =^]^Jl^ ^ 
^171(140)5. afl^t}. <#7] ^r^7](140)^ ^7] RF tfl^^l ^r^l^lJll- tiflo]i ^cdcq a] 

^a^H ^71 Cf^-^tt^-g- fl*flA^ # 7 | ^7HH A}-g-£ «V^2}- 

^til^ HL^r ^*Kr 9HH ^Sfl 7^ 1;7>^> 

J±#°l ti>H. A) A^-^Cf. 

-#71 £ 2^ I ^H^^l^sq- Q ^^Jl z}-z|-|- ^>uj-o| niA^l- cf^--^a]^^- ^ 

*8*Rr 2.°) 51 SX^-. #7] SL 2«fl 9\°) ^mi3L "A cos coRpt + B sin o^ffe 

"cos(co LO - A(o)t"Sf "sin(o) LO - A oo )t" ^sfl tf£r ^^(down converting)^ I 
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<14> ^7} £ 3^ I ^fl^Al^Sq- Q xmHS. AA^ ¥ 7flSl BlA-^-g- Aj-g-^H - ^ofl ^ 

<15> #7) 5. 3# ^-S^, ^r^l^IJl "A cos co RF t + B sin co RF t"^ ^]1^4 "cos(co LO i - 

Ao)i)t"^ §6)| s]«fl cfo. ^^^(down convert ing)^cf. zl^JI, #7] l* r cf£ ^ 
4*41 4! ^12^4 "cos(co L0 2 - Affl 2 )t"4 "sin(co L o2 - A o) 2 )t" ^<H1 ^*fl 2*}- 

£ Ol-f-^l}. ^l^HH A>-g-^ ^^-Ol (ORpt^ "0) L0 1 + cd L02 "^ 33 

^r^Hr i2J*<*flSl Aco^r "Acoi+ Aco 2 "5.*l 33^4. *)]2«h£Sr "cos(o) L0 2 - A 

C02)t"°fl 3«fl 2*> tf£ ^^(down converting)^ ^IJL^ 3*1^ I ^fl^^l 

IS -*7l al^^ "sin(£o L02 - Affl 2 )ti 2*> t\$- ^tH^Cdown 

converting)^. ^IJl^ ^iJlS. Q ^^^IJlS. #^^cf. 

<16> ^7} 51 4fe I ^^jM" Q *fl^AlJr Zf^-o- - 7 flo] A}-g-^}c*| = ^ofl ^ 

<17> a o > 7 ] £ 4t ^s^, ^J^ll "A cos CDRpt + B sin coRpt"^ »]l^^- "cos(co L oi " 

AffliH"^ "sin(co L oi - Affiih" ^1 ^*fl 1*> i}£ ^^(down converting)^, 

n^zi, cos(co L oi-A a>i)t«1| 3*fl 1*} Ct^- fiHfKdown converting)^ ^J^lJlb ^12 

"cos(q) L0 2 " Ao) 2 )t"Sf "sin(co L 02 " A a> 2 )t" 3*fl 2* r 4£ ^^^(down 

converting) 0 ! ^l^-^^lcf. tr^i , #7l sin(o> LO i- Ao^t^l 3*11 l*r ^^(down 
converting)^ t^I^IJ:^ <#7] *\}2*}^ "cos(co L02 - A co 2 )t ,,0 + "sin(to L0 2 - A co 2 )t" AA 
°fl 3«fl 2*1- tf£ ^^(down converting)^ oj . ojnfl, ^^o^ A}~g-<g 

CDRpt^ "coloi + cd l0 2"S.^ 333^, ^r^Hr -2-5.3! °J Acd^t " A co 1 + Aoo 2 "S*| ^Sl^cf. 

*Hl*}"#S)- "COS(£0 
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LOi - Aa)i)t"^ #7l *U2#*J* "cos(flOL02 - A(o 2 )t"^ ^^fl 1*V ^ 2*V t}£ fl^Cdown 
converting)^ aJ:^ #7] "sin(co L oi " Aooi)t"^ -#7] y§2&&s\r "sin(£0 L0 2 - 

Aoo 2 )t"°fl 1*} ^ 2*V cf-c: ^^(down converting)^ ^117} #A>4g ^ AjJiS. 

I ^ tr^S, -8-7] afll^Sr "cos(q) LO i - Ao)i)t"4 #7l ^I2ti> 

^4 "sin(co L0 2 " Ao) 2 )t"°ll ^sfl i*> ^ 2* r i=f£ ^^(down converting)^ A]Jr<2}- #7l 
^11^^" "sin(co LO i - Acoi)t"^ #7] ^2&<$$- "cos(co L 02 " A oo 2 )t" c Hl s]*fl 1*} ^ 2*V 
cf^r ^ DC down convert ing)€ A] J:^ 7>A><g ^ ^lli Ajjr^ q ^fl^ Aij^ # 

<18> *>^Tn> Aj- 7 j £ 2 ^71 £ 4^ =j>-s$% 3§-n #^5^ -8-71 I ^AJJlS]- ^7} Q *fl 

^r^Hr A oo^l ^tr 5J°14. ^f, A oM ^s^r Ao)£ ^sfl 1*> * 2*V 

4£ ^UCdown converting) a] uV^^r ^^-o] t^s]*] &&7l t"fl§-o]cf. 

<19> o]<2]- ^o] £.H^J£- ^AlAljro} ^Aj-( p hase)# ^Al^^ a>^^# 7>o) 3lj7Aj 

(Orthogonality)^: 9i^al^7fl «H A^e^o] ^jr ^-g- T^A^tf. #71 ^^Hr -S-H^ 
°>-t-S] 2)-^ ^>c]ef£ ^Aj a]^o} Aj^a. ^o^cc^^. Aiz^-tV ^^r. £ 3*11^ £ 

Aj-71 £ 3*IHfe ^nf^ 1 .2.3. 0.2ppm, lppm, 10ppm# ^-g-tb ofl^-S- £.°)3L $X°-*\ , # 

71 ^3}.^ £.*#o] #7>^-I=- ^Al Aligs-o] iL^-#ol ^7>^-§- ^ 014 3 elEl o]^- 
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Cf. ^H, a o V 7] ^Jfofl 8fl^>^ ^7] ^H^}^- ^T^Kr Cfl^ ^^Hr ^ 

7l (Coarse Frequency Synchronization)^ *H , #7l i^-f^ll «fl^"*>^-, ^ tfl^ ^s}- 

*r ^ofl u-of oi^ ^ .2. = ^ ^SKr 4^ol n]^ ^7l(Fine 

Frequency Synchronization)^ tr^f . #7l -§-71 7l#£) ^ oflS*? 

(OFDM : Orthogonal Frequency Division Multiplexing) ^-^-^^l^^MH^ -H^ 

sH ^(FFT : Fast Fourier Transform)* ^^7) <3<*(time domain)^ A]jr# 

°l-g-tr ^aie^^r FFT» ^©Itr ^ ^r^Hr ^ ^ (frequency domain)^! °l-g-*V ^ulBj 

^0.5. £ff-^ ^ 9X^\-. O] ^oflA-j AV 7) A]^ <g<*^ AlJll- ^Jl^^O.^ ^S^T SL 

j±#* ^efl c-flojE^ o)$]6\) ^7}S, 7J Eel<gt|- °l-§-*Rr 

S. ^>-g-^cf. IEEE 802. lla^ ^ ^H^al 

W>Sf ^2fl ^-g-^l^^H^ ^sj-^ J±^}7l ^*fl 7J 

^^KE-lf *}31, ^7} Selofl^ofl .2.5.^ M*H ^^Isls] J2_ 

<*} ^^Hr -S-H^l* H A cHr^ ^ »o V ^# *fl^°fl oicf. 
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<23> £ s.^^. ^ ^1- ^- °l-g-«M ^*Hr -2-5L^ 

<24> SE Cf^ 42-*]^ oflSLEH ^ ^£^4 ^ 

< 25 > M. S nf€- ^£ o a v^ oi^ a]^* Jg-*fl ^SL^-fr 

aflBl-g- 7Mb A] 5:1- ^*>^, 4>7l ^ A] A] 3:1- ±yg 

2] *h£sHl ^*fl ^ ^ Jfltf ^^IJL^ 31 in c^aJ- 5fl ^ a] #^>b o]^Jg- 

AjAl^EflOl ^Aj^oHAi A 0 V 7 ] ^ O^V 5fl^ A] ^Sl- Aj- 7 ) ^7 <^Aj- i^A]^ O^^l 

* ^^71 ^tt ^sK- M^ll- ^8*Hr on oi^H, ^ 

^^-^i #^TT ^ ^ A o V ^^^IJLSf ^SL ^^^JJll- 71-AV^ol o^b}- ^^-(cos 

iEb ^^34 ^^-(sin ^-g-^O-S °l-¥-<H*l 7>aV #^*Rr 7>^V7l2f, Aj. 7 | 

A oM 71-aV ^ajj^ Aj.o.^>3E^- ^-g-(sin lb <^sf- ^^-(cos -S*)iZh2.3. 

0 1^-°1^1 #^*Rr ^7lSf, AjS. CfS- ^- Al^# Z^ollAi ^]^Slb ^1 ^ 

^27fA} 5fl^Al^S.j4 ^2 ^ ^2^-Aj. ^^Al^S.^- <a^*l-Jl, #7] ^117>AV ^^Aj^Sf Aj. 7 ) 
*lll#^ ^^^ISOfl ^ll^Aj- gj-sj. AV 7 ] ^27fA]. ^fl^Al^c^ ^. 7] ^12^-AV ^^Al^ofl 

& ^12^^ ^ ^"71 ^ll^^> ^4 a o V 7 1 ^)2^Aj- ^ofl o^gfl ^Ajs]^ 2^> 71 

* 7 H1 ^«fl 3. = ^ ^^^>b ^2)-^ ^.H^l ^7lf £^lO S ^-Cf. 
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1020030015725 <H*}: 2003/12/1 

°fl D l^ 3*fl*l 5£fl€^r 7Hb ^-M-ol tf<a€ ^IJl* *H4*Ka, ^<Q4]3l# ^ 

^Al^Eflcq ^Al^oflA-l #7] # ^^J:^ ^-71 ^^Jl^I ^^Hr iL = ^ 

t^-^^ #33^r * ^fl^d^ ^ ^fl^^l« 7>^>§H ^^4" ^(COS 

^ ^4 ^£-(sin ^£-)^o.5L ^l^-^^i 7 >a> sfl^l^l- #^*Rr 4^*h #7l fei a] 

71 7RV ^fl^AiJ:^ ^-8-*>£^ ^^sj- ^^-(sin ^) 5E^ Aj«. (cos ^£.)i&o.s o] 

^fl^^l« #3*Hr 4^4, ¥ *l^« ^^Hl^ ^fl^ir *fll £ *fl2 

7RV ^^jr^ afll * *fl2^K> <a^^>Jl, ^"71 2U7RV sflliAljr<q. #7l ^1 

*]2$)^ St-i- ^H, ^"71 afllfltf &4 ^7l *fl23# iHl Sl*fl ^^Sr 2*> ^Ai^ 71^71 

A i , A oM cfloi&| cf^; ^ ^^j- ^^^1^4 ^ 
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(sin °1^a1 7 }xy #3<jRr 71-^-7]^]-, ^-71 cflolE] 4£ 

^^ASM) ^ A o V ^W^lSSq- ^ ^ ^fl^^l« 7 a H>*H Aj- 7 | 7 ]-a> ^ 

^IJLS}- #-§-*>H^- ^£(sin ^^r) ^£(cos o]^-^^l 71*)- 

34^ SL^o. ^ aV 7 ] 73 a] x^^ofl o]sfl #7] .2.= #^*Rr 

$ ^7]# f^AS *Vuf. 

<29> Aj-7i*v v ysq. s.^^ ^^7] <^ ^4^1 ofl oj^ > ^. i^-^o. Aji^o} <g 

X i , ^71 C-flolEl Ajl;-i-# t}£ ^E^O.^ ^£)^. ^ o^Aj- *fl^AlJr<2}- 31 Jil <^ Aj- %g 
^^Li2.*| #33^ ^ ^M" ^ 3!]]^^- 7}7|^ Aj^-So] a] 

7 <§^i ^^"i- #^Rr ^71 C-flolEi Al^-s.^. tf Tj^tg-O.^ #^£)*r ^ 3# 

^^^IJlfif 2]iH ^fl^^l^* 7>AV^)-^ ^^Hj- Aj«.( cos Aj«.) £ ^ Aj«.( sin 

)D>0. S OI^^A] 7>AV ^^AJ^^. A 0 V 7l CflolE^ Al^-S.^ Cf-g- Ti^^^-O.^. 

^1 ^ ^ A D V ^^A]^2f Ali2 °^A o V ^^A]^ ^-AV^c^ Aj-7] 7].^ ^^A]^^ Aj-O,^ 

^^-(sin ^^r) SE^ <^^s}- ^^-(cos ^-g-)^^ o] =-c^a1 ^-a> ^fl^A]^ ^ 
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#4 A o V 7l *fl27R> ^A}-^ ^71 X|2^ Jfl^&M ^12^^" ^ ^H, ^-71 

4. 

^ *)--§-] 

<30> ol § > ^ ^A] ofl§ ^JjMg #S^H ^"4. 

*V X\)7]^<LS.^ n°}&\6\] i^t}^ ^S. ^-g-nV-g- <£.£^ ^ ^o)cf. 

°1S ^*fl*m °J*> ^S^r ig-^l ^Till- ^ &i=. ^1 ^ ^ o] ^oj-£)ol 

°> Ht SH^". 1J-^°IH^ DjEl <^ZL 7}7]±r 

s.^ s^M. cflojE^ iLH^i-g: ^*}<^ *f|S.5H *\ 

^ j±^*m #*i ^ ^-i- *ot>« 

<32> Aj-^ J£r%6\)*\ A}-g-£)i=. -g-<H* ^ £3 ^]^^ *fl\g 3*fl CflolE] Aj 

^■i-^ ojoj^ ^^oj) Aj-Oj^o} #^5)^ A]^^.*) ^gfl^l ^njj^- 7>^14. £ lO^Hfe tfl o] 
E] Al^-E.^ oVofl £^ Al^i# <^1* iL°U olcf. a o V 7 ) *^ Aj^i 

7} 7M ^ SXtt ^^^t ^ 7flSl o]=-^^^ ^O-Q]- A]r^ cf^ ^ 7fl^ 

tS ol-^^)^ ^-f 7 > 01* ^ olcf. ofl^cfl, a o V 7] ^ ^o.- (1,1) (-1,-1)0} ^ 

^ Xl^, A J"7) ^ ^-f^ (-1, 1) SE^ (l,-l)oj ^ ^ 01 cf. ^ ^tg^ ^ A } # o|g|] 
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oflAltb 5.35 -i: ^ ^o] 7>^-*>t^. #7l £ 

5!olc}. E*} M. m^o} aj A ] ofloflAife H5fl°J-g- -§-*fl c-1]olEi 
^ *1€^ ^J^r 7M^r c-flolEi ol-g-^H ^r^Hr ^SRr 

#13 ^r^Hr DCRCQuadrature Single-IF DCR)^- 7>^tb^-. 

<33> i. ^ ojJ^ a] a] ofl 

A o V 7l ^£ *l€^7 r ^3«S. Ol^^^l ofl^- A^ Cf^ o]if^^l ofls. 

<35> ^ f ^ ^oflA^ 7>^*>^L il^r 90£^ t£<£ DCR°H tflSfl ^4 

<36> 3.^3 3 ^A}A}Jr^ -S-Sfl RF ^]Jf(610Hl ^^4. 4>M ^^IJr 

^f-id ^^HrCRadio Frequence) tfl^ 4l2l(°l*r "RF 4lJL"£)- #7] RF ^l^f 

(610)^ <#7] RF 4lJL.gr afloli «H = (Base Band) tfle^ "BB 4l^"&r W)5. 4£ 

fJ^tgCdown converting)^ #7l RF ^^1^(610)^ ^ofl tfltr ofl*^- S. 2 ifl*l 

£ 4<HH TiWKa 91^. ^7} rf ^^(610)5.-^21 ^ I ^fl^ssf 
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z\M 3l# ^^o] q ^^cf. #71 I ^^^IJKIrx)^ "A(t) -{^"cos A cot + 

-i Q_ 

sin AcotY'S. S^SM, #7l Q *fl ^^(Qrx)^ "A(t) • { 2 sin A co t + 2 cos Aa)t}"5. X 
^€4. #71 RF ^^1-^(610)01) 2)0% tf£ fi^^ ^r^JL^r ^.fr 
3^3^ 4^1, #7l ^0#*l3.-*fEi *i^Sl^r ^ A)^i ^ 

#^51^ I *im^!« "Itra"^- X A 1*M, Q *H^41Jl^ "Q tra "ole(- XAltVcf. 

#71 RF ^^-(610)5.-^-^1 #^5l^r #71 I *11^JL<21- #7l Q ^r^Hr SLS. 

^§^(612)3. *l]^t}. #7} 51 6oflA^ a o v 7 ) rf ^a] tL (610 ) S JfEi #^3^ S-^ I ^ 

\^iL2l- Q *11^Jl-I- #71 ^sHr ^-S^l ^^-(612)S ^*Rr 3* TflAi^zi ^1 

#71 -2-^3! ^^^-(612)5.^ Al^^ofl cq*fl ^33^ I ^H^a]^ Itra sq. q ^ 

MUS. Qtra^l ^^slJl, i-H*l I ^^^l^sf Q ^H^^lSfe ^sHr ^.#^-(614)3. 
^ Sism #3. ^Sf ^#1: ^ av 7] ^.H^ ^^-^-(612)^ #71 I 

Itra^ #71 Q ^fl^S Q tr a» °l-g-*H ^*Rr -^H^J &-8r ^ # 

71 ^5}-^ ^.H^l ^^^(612)31 #^1 ^#3]- ^ofl £ 7* ^2^o^ 

^°14. #71 ^5}-^ ^.H^I ^^^-(612)^1 ^*fl ^S^i ^ ^MHr 

#-^(614)5. ^l^^cf. #71 ^sK- iH^l i#Jf (614)^r #71 RF ^l-f-(610)* -f-^fl 

I Q #7l ^-(612)5^- Ei ^1^£]^ ^sj-^ _£_5L 

^ 3H1 Slsfl ^S}-^ ^r^W. #71 Ji^*} I jr<^ Q ilj^Ajs^ 

2. ^(6 16) 5. ^l^-^^-. #71 3.^(616)-^ #7l ^5}-^ 1 ^^Aj^a}. q ^fl^Ai^ofl 
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<38> s. 70. d\]6\] 4 = ^4^ ^.H^l ^-^(612) ^ ^4^ J^H^H 

(614)3) ^M] jjiolj, 01^ 51^^^ , #7l ^4^ ^. = ^1 iL#Jf(614)« <#7] 5L 44 

^ofl ^-§-*l <^H4. ^-71 £ 7°fl4 liolJL # 7 ] ^^(612)ir 

71(712), ^71(714), ^4t -£- = 4! ^71(716) £ ^5151(718)3. ^^H, ^7} ^4^r 

il-$Hf(614)fe- Ml 7 fl4 ^a>7]^(722, 724, 726, 728)4 ?H+7l(730) ^ 7R>7l (732)3. 

<39> #7] je 7-i: rf ^^(610)3-^ I *il^3:4 Q *im^lJ^r 

^ ^^(612)4 ^4^r Ji^(614)3 A^^A. ^7} I ^^^M # 

7] Q *M4]Jl^ -S-71 ^4^r SL*$ ^^(612)4 7^7] (712)4 #^71 (714)3 <3^4. 
^7} 7>a> 7 | (712 )^ ^7) l ^fl^Al^4 ^1-71 Q ^fl^^lS* 7KVSH #3^. #^71 
(714)^ <#7] I ^-71 Q ^^^IJll- #<+*H #^*>4. ^"71 7>^V7l (712 H 4 

*fl 7>^V^ ^^JlM*} »7}*} ^fl^^lJl"4 ^)4 ^"71 ^71(714)^1 4*11 
Jl(ol§> »^a1 ^^^^"4 W)^ ^4-^ ^71(716)3 *fl^4. tb^, ^-71 7}# 

*H\t^lJ:4 #71 ^M^J^ ^^4 ^^-(sin ^€0 £^ <*}^4 ^^(cos 

°1^°1^1 ^15L°ll=f. ofl^tfl, >S-7l 7>^V ^^A|17} ^^4 ^-g-# 7>4^ ^-71 ^AlJr 
ol^4 ^S"g- 7>^14. A o V 7l ^4^T SL**A ^71(716)^ #71 7># ^^Ajlfif 4V7I 

*fl^-£» ^el^H^ S}±r ±^ <£*±-*r ^4^ JLH3H1 4t!r 3" ^5L ^f(Ao))t 

^1^>W. ^7l A CD# Tfl-tV^l fl* ^4^ *1€^4 i()^6fl ojsfl ^411 

t= ^, ^71 ^ ^fii7> ^ 7114 ol^-o^ ^-^4 ^-ol ^ ¥ 

7114 o]^oj^l ^0.5. ^ o^4 AV 7 ] A£0# TflAV^y) o^*)- ^^l^o] o^a]. 4 

^"71 ^4^ ^7l(716)o)l 4«fl #^4^ A o V 7l D)|£?l 
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(718)5. *fl^-SH ^^cf. # 7 1 ^3.^(718)^1 *1#^ #71 A co <£##*l5.-?-Bl ^7]^ 
S. &&S)±r Al^^ofl ol«fl 7JA1^ #71 nflS.E|(718)^ *1#€ #71 A CO °fl S]*H 

3A><y &(cosA cot)4 a>oi ^(sinAcot)^: #7l ^^Hr .2. = $ J±#4(614)5 *ll 
^■€4. #7l il#^-(614)S] ^l^#7l(722)^ #71 I ^^#S5]- #71 

cos A oot# ^#*H #71 ^U^#7l(722)S-^Bl #^51^ *fl^#3rfe #7l I *fl^ 

AlJlS.^-E-1 ^5)-^ ^.H^-^-S ^fV COS #£ #S7> ^71^ ^l^o]4. AV 7 ] i£ 
#-¥-(614)Sl ^I2^#7l(724)^ #7l I ^^^l^^l- #7l sinAcot* *#*H #7l 
^l2^#7l(724)S.-^-Bl #^£l^ ^fl^#S^ #7l I ^11^a1^^«-e^ ^.H-^^-S. oRl 

sin #^ A J17} aflT^ #^olcl-. #71 ^n}^ SL*# Ji#^-(614)S1 ^3^#7l (726)^r #7l 
Q *fl^#:££}- #71 cos A oo tl- ^#^H #7l *H3^#7l(726)S^-E-l #^5l^ *fl\£ 

#JL^ #71 Q ^Ajj S H E j ^sK* M^IOS tit!: cos ^1^7> aflTl^l #^olrf. a). 

71 ^sf^ £. = $1 ^.#-^-(614)21 *)H^#7l (728)^ #71 Q ^^JtsJ- #7l sinAoot* 
^ #71 *fi4^#7l (728)5.-^ #^5l^ ^fl^#^ #71 Q ^^#Jl^E-l 

£.5.$°-3. <y*V sin #£ #JL7> *fl7i^ #5:014. #71 ^l^#7l(722)Sf #7l ^)l4^#7l 
(728)5^ zfz}- #^£l^ ^Jif^ ^-#71(730)^1 S^JLS ^=14. #7l ##7l(730)fe 

#71 ^fll^#7l (722)5.^ B] 9\ A o V 7] ^l4^#7l(728)S^-Elol ^ o. ^-Aj.^^ # 

^#^5.^1 A« #^*>cl-. #71 ^I2^#7l(724)i4 #71 *fl3^#7l (726)5. Jf E^ zj-z}- #^5^ 
7V#7l(732)2l ^1^4. #71 7>#7l(732)^ #71 ^2^#7l(724)S.^E-)Sl 

#71 ^I3^#7l (726)51^- Ei 01 7>#*H 3^ #^#Jl5.*l B» #^tVcf. #71 

##7l (730)5.-?- El #^£l^ #71 A^r "I -cosAcot - Q-sinAcot"5 ^€ ^ , #7l 

7>#7l(732)5.^-El #^£1^- #7l "I - sin A cot + Q- C osAcot"5. 3X^\. 
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^^Rr ¥ 7flS) ^#1-^ (1,1) (-1,-1)0) ^ ^ o} 

4. 

<42> £^ Al^^ofl <*h£^3. 0]*V ^5}.^ RF ^-(610)^1 S]*fl ^ I 

^^JL^ Q ^I^AliS #^€4. ^-71 I Irx^, #7l Q ^Aljr f>}7) <^ 

<43> i I O * 

i rx == A Ct) ' I 2 - cos<^+^ sin 4) | 

Q R>C = A(t) - ( sintjj-i--^. cos<b| 

<44> <^7H, A(t)^ M-^^H^, 4>TT A £0 t + 4>0^-S. A(Du 2 Tt A f 

<45> ^l^, ^71 I 5]]^Aj^<4 AV 7 ] Q ^fl^AlJloll^ ^S)-^ ^.S^-^-S. <5l^ ^5f^ 

(cos ^-S-, sin 544. nJ-eH # 7 1 I *fl a}- #7l Q *fl\^d3L-I- 7RV*J- 

clef. SEtl", ^7l I ^AlJroflAi A o V 7 ] Q ^Aljr-g. #AV^-O.S*l ^7} 
^ #7] Q ^fl^^lSfe- 7^71(712)^ 7}*Y5\o] cos ^«.o] CQS Acot7 }. #^5^, #7l I 

^^a]^s]- ^7} Q ^^J^ ^7l(714)<Hl ^*fl ^MVsH sin ^^-9J sin Aa)t7> 
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< 46 > *V3a, ^^Hr iL = ^ ^^71(716)^^1 ^sK= ^3*M ^sflA^ a^ 

^$HM 3= Al^oflA^ ^ ^ o. ji^tK o}^ £ 8ofl^i ^ iL°lJI $Icf. #7) £ 8^ 

t2 Z^o^o] o^V ^ ^.g. 7il^>Jl, (J)^ <J, 2 # ^^Kr 2*}- 

T=f. <>H, ^"71 2^2)^34 Aj- 7 ) £ 8<M !L°}JL 2^3.2) y^o] n>u|-i=. &o) 

- & $7> ^rf. 

ti4 t 2 214^1^^ ^ sm-^ ^§>^ £1}. 

<48> #7] Al^^^ X\Q t7 \ tl ^5} 7>^ ^ A] #7} 7 R]; 71(712) #^£|^r 

!i + Qi = A(t)« {y cos^+^sin^j+ACt)- | y sin^+-^- cos^J = a - cos^ 

I1-Q1 = A(t)« cos^+Q- sin<|)i}-A(t)- ( ^ sin^+§- cos^} = a - sin<j>, 
[^^-Aj 2] 12 2)12 2 ) 

<50> 7lA^ (J)^ Acoti+ <$o°-3- ^7} A ffife 2it AftiS. ^^1^4. 

<51> AV 7l <^*VA1 2 >^1 ^^fl TilA]-^ ^^Hr ^71 (716)5. <^^. ^oM ^ 

3}-^ 0.^i ^^71(716)^ >8-7l ^- 7fl<2] &^;-9r 3§-f$\ ^7) 5L 8°1] A") Jio] JH ol^ ZLEfl^) 7l 

-i:7l(Af)l- ^JLS*| A col- ^^-^l-Tfl Aj-71 AM- ^t}7] tan c^S] ^aJ-o] 
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<52> • . 

I_q a • sm6 1 



™.31 1 I+Q a * C ° S ^ 

<53> A o V 7 l <^*\ 3>ofl ^«fl 4> x -a- ^SMl €4. 

<54> # 7 ] *1*UM ^ A]^ t 7> t 2 ^ 7}*<m *1 #?1 7>Aj- 7 l (712)3.^1 f^TT 7> 

# ^^^1^(12 + Q 2 )^ W &&7K7W5.^ #33*r *U^Jl(I 2 - Q 2 )^r *}7] 



<55> 



I 2 +Q 2 = A(t) • j y cos<(. 2 +y sin<j) 2 J+A(t)' j y sin<|) 2 +y cos^J = a • cos<|> 2 

I 2 -Q 2 = A(t) • { ^- cos<j) 2 +-§- sin+ 2 }-A(t)' { sin$ 2 +§- cosijiJ = a ♦ sin<|) 2 
4] \ 2 2 ) { 2 2 ) 

<56> <$7]x\, $ 2 ^ Acot 2 + (J) 0 ^-^- ^^M, A oM Aco^27rAft 2 S ^3134. 

<57> # 7 ] <^*VA1 4> ofl sl«fl ^A>^ ^S-*- ^2}-^ ^.H^! (716)3. SJ334-. #71 ^ 

5^ ^.H^l ^71(716)^ #71 ^7fl2l &#,g- 3§-n #71 £ 84M M.o)jl =Li%*4\ 7) 

^7l(Af)» ^JL3*1 A col- S^Hl ^th #71 Af# ^^>7l tan 3> 2 Sl T^l 

Al^5)olo> ^-cf. # 7 i tan <D 2 r #?1 <*r*HI 4>ofl fij^ Til #3 &*^§: ^>7l 5><Hl 
cfl<a^-o_5L*) 711 #3 A. 

<58> ■ . 

I_q a-sin^ 
taiK|) 2 = ^ - 



<59> #71 <^n^\ 5>ofl $ 2 » ^Tfl 34. 

3^ WH1 Sl«fl ^ ^l^OllA^ ^# # 7 ] ^jj). # 7 ) ZjL^ f Aj^-o. x ^o. 

5>J1 ifl# y^A^ sj-fe 3*5. #6fl #7l ^ 7fl^l ifl# #71 (J)^ A o V 7l ol 



<60> 
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^ °J7>: 2003/12/1 



2*\ «<HH°ll z\n 2%\ =r . °H, 2*V a^d* 7l^-7l# 

ii A o v # 4 ^r-£ €3**8= Adit 3 -MM) €4. ^7} ^71(716)^ ^i^tb 

*H Sl«fl A col- #3^}. <#7) A air oflS.i!!j (718)3. afl^sM ^^nf. 

^1 °J|4Hfe ^1€^7> ^s. 4^- ^ 7fl si oi=.oi^i ^o. 7 |.^^ 

-H Si 4. °H, *€ ^*Rr ¥ 7flSl >a-l-^ i^^r (-1,1) Stt (1,-lH € *r 

&cj.. oi<4 ^-o] ^Sj-fe j= 7fl ^ aj^-s.^ ^^oi A 0 voi*v ^-fef- si-c^s. 

A o V 7l i = ^^(612)» ^«Hr 7^71(712)^1- ##71(714)3 #*H^ ^^-ol & 

4. ^, ^sHr ^H^l ^71(716)5. «a^Slfe ¥ 7flS] ^tl-ofl cfltb €S)-7} # 

*1 ^^S]^ I ^UM^^ Q ^m^lS7> AjS. ^-ol*V Jfjr^ 7V^lcffe 5Jolcf. ofl^- l-o| 

Al^^7> (l,-l)«y ^-f >S-7l I ^fl^^lS. Irx^, ^"71 Q *ll^AlJr <^*} 6> 0^ 

£^3^, Al€^7> Tgo. a o V 7] ! *fl^A]Jr Irx s»1. j ^- 7 ] q ^X[s. Qrx^ S>7l 



<63> 




I 



-Act) - { q. 




<64> 



°<]7}*\, 4>^r A cot + $0-^5- ^^H, ^"71 A co tt 2% A f 3. ^^€4. 
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<65> 



Irx = - A (t) * { cos(|)+-^- sin 4>} 
Q _„ = uA^Ct) * / sin<b+ cosil 

<66> o^7l^, 4>fe A cot + cJ) 0 ^-S #71 Aco^2irAfS ^4^4. 

<67> a o V 7 ] <^«J-A1 6>o11 a^ I ^fl^AlJlSf Q ifl^Ali;} <y ^ £] - ^°.M. 7>^*>^ ( ^ 

4^ ^^-(612)^ 7}#7) (712)4 ^71(714)^^ #^£)^r 7>^> ^^(Irx + 

Qrx)4 ^^IJUIrx - Qrx)^ *>7l <^«M 8>3*| S^4. 

!rx + Qrx = A (t) * { y coS(|>+y sin^J-A(t)- | ^ sin<|)+-^- cos^J = a • sinf 
i rjtQrx = a (0 * ( 4 cos<fr+§- sin$}+A(t)« ( ^- sin<|>+-§- costy] = a • cos<(i 

<69> # 7 j <^*j-Al 7> ollAi I ^fl^AlJlfil- Q ^^^Jl7> 7p§^, ^ 

4^ -S-H^l ^§^(612)4 7K>7l (712)4 ##7l(714)S^-4 7># ^^JKIrx + 

Qrx)4 ^^^I^CIrx - Qrx)^ *>7l <^*M 9>3L4 X^44. 



<70> 



t rx + Qrx = - A (t) " { j cos<(i+-y sin<|)J+A(t) • J ^- sin<j»+-y cos^J = -a • sin<} 

! rx"Qrx = - A (t) ' { 4 cos + + -S- sin^)-A(t) • ( ^ sini))+-§- costy) = -a • cos( 
g] 12 2 J (2 2 J 

<71> A o V 7l <^«?"^ 8>4 <#7) <^44 9> ofl o]*fl Tfl^Sl ^r4^ ^7l (716)3. 

^3^14. #7} =^4^r 2.^$ ^^ 7 )( 716) ^ »= 7 fl o) ^S.^ ^.sfl # 7 j £ gofl^ 

-2- SJfe 7l^7l(Af)# ^0.3.*| A (0# t^*>7fl ^4. 4>7l Af# ^5>7l 4 *fl>H 
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r tan $2] Tfl^o] ^^£)<>|o> *Vcf . ^- 7 ] tan #7l 2><A\ ^sfl 

<72> • . 

I+O a • sirnj) 

tan<j>= - 



M*Mioi J " Q a * cos *i 

<73> a o > 7] <^?Va1 10 >ofl $1- ^-^711 51^, #71 <J>ofl 7l^7l A f Mr 3l# 

% v *r #7l Af7> ^sHr iL^# ^*!r ^ ^-S. ^5)-^ A col- ^SMl 

£4. #7l ^sHr ^-H^I ^^71(716)^ ^^tV wH A col- #7) # 

^€ Aflir nfls.^(7i8)S. Xl^sH 7^V^cf. 

<74> 2. vj\°]B\ ol-^-?V ^A] ofl 

<75> ol^V M. ^ofl Ufa ^S)-^ ^-H^l-i- ^M3*Rr 4^ ^*1 <^5-*l T=|)o]e] 4] 1-1: 

# ^<H*V sfl^ c^olEl ^^o) ^Ai^ a] Aj-7] ^olEi ^]-l;!:ofl ^ 

€ A col- A>-§-^ ^sj-^ J£#S};£^ °1» 3l*lH^r ^Jl^H #^5]^ c-flol 

3 -¥-3. <£Bl^r ^#01 -S-^CK 

< 76 > iE 9^r 4€- -g*l ^ ^ S.#*M ^t!: 

*1^ n^-fr 9X^-. #71 £ 9^1 >Hfe #7l £ 62] ^ofl t-flolEi ^*!l 

^*>7l ifltb ^ ^^JI SUCK 

<77> o]^- £ 91- %v^H ^H^, ^r^Hr iL^-¥-(914)S^-Ei ^sf^ -2.5.-$ 

°1 iL^^H #33^ I ^^^IJ:^ Q ^fl^Ais^ 3.^(916)5. ^11^€^-. #71 S.^-t-(916) 
#7l I Aj-71 Q ^Ajjr^ og^^ ^A]^- 
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*HH ^>-8-€ ^s^-li ^-§-*Rr 4s y o v ^H ^sfl #7l I ^^a]^^ ^-71 Q ^Jm^lJi-I- 4 
HM^ ^1-1-^ <!-§- ^#^-(918)5L #^ #7l ## ^#^-(918)^ <$7] cfl 

3)1 El ^ #7l ^ 3fl€^ *1€ 

7#*Rr ^ $14. ^71 43-i- ^#^-(918)^ #7l C-flolEi ^-i-S. 

^S^-Ei ^ sflfj-g; *flS.sH ^Sj-^ iLH^i Af# ^ 

41 « ^ -S-^Kr ?$*\ #^4. ofl^tfl, 4M sflH-B- (1,1), (1,-1), 

(-1,1), (-1,-1) # 3fl^o.S. ^€ $14. 

#7l ^a} If -2. = ^ ^^-(912)^- #7l ^ sflei^ 

CflojEi ^Irl^l cfl-§-*Hr I ^AlJl^ Q .fl^Al^o]! o^fl Afofl Sl«fl 

^*fl nfljE-EH A 03 1- ^Altb^. #71 -IR1 3flH# 7>*l*r CflolEi 

ofl I ^^#S4 Q 5fl^#^ #71 7,§ a] ^ A co °ll ^Sfl ^4^r J±3 0 l o] =01^14. 

°l^r .2.^ W A co a] ^7l# ^ 5>M 



[^2] JLJ4] 

^#^r 44 H-^-S- ^^Hr ^l7i*>7l ^sfl ne]cfl«.oi] ^^aj 

S» ol-g-SW &J1 C-HojEi ^^#0)1 Aj-O]^ ^A]£]^ Aj^^cHl o]*fl ^2}-^ 
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11 

31 o] ^^9] <£6\) v}£\ ^Sfl*] Bfl^^- 7 }*l^r £3 4J-M-<>1 ^€ *]J-« ^1*} 
-31, ^oM ^i^lJLl- i^S] «H^H1 ^ ^ ^ *fl^lJL$]- 3^ *ti 

^^1^1- #^*Rr 7R];7l<4, 

A o V 7l ^ Aj^^l- cf-g- ^ ^ ^^JlS}- Z]M ^ 

^ ^1^1- -H ^1 ^ *fl27R)- ^^JL#3]- ^ ^2^H> 

*fl^JLt-a- <y^}ji, #7] ^17>a> ^lm^l^ *ll l^ ^B^^l sit!: ^lfl-* 

A o V 7l ^27V^]; ^fl^Al^ Aj-71 ^12^ 21 ^2^^" ^Z}^ , #7) 

^-2Hr SL^jl ^7l« i^-^-i- ^°.JL *m ^71 #*|. 
2] 
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3 <L3- *}tz #7l #*1. 



3 ^J**: 2003/12/1 



[^t 1 * 3] 

^112%H1 #7l 1 ^ *fl23l# ^ #7l ^11 ^ *fl2## ^fl^^l^ z^-zl-g: £-7> 

S. e}31 #7l ^1 ^ *fl27}-# ^vgAlJi ^-S-S ^11 ^ ^12^^21- ^-g-(tan ^-g-) 

* ^V^, #7l afll ^ ^12^^^ ^£r°fi ^ <S<^1^ ^ 7fl£] ^# ^-i-oj ^ 

[^t 1 * 4] 

*fll*<H #7l £^ AJ^-S-O] ^-<5J ^MS. Ol a-c^^]^ AT-7) 7 R>7l^r ^^3^- 

7># ^^Jl* #7} ##7]^ ^-g^ ^-a> 5l]^A]^l- #^^-g- S. 

^AS. ^ #7l 

5] 

^14*oH1 5U°H, #7) * a||2fl# #7l *fll ^ *H27RV Sfl^IJ: ^# "g-7> 

3. ^ #71 afll ^ *)12## ^fl^^ls. a>\±r £ *fl2^4 #-g-(tan #£-) 

* T 2 -^, #71 *fli * *fl2>834 #^-«Hl ^«fl ^^^1^ ^ 7flSl i?]# #*<y ^io £ ^ 
#71 #^1. 
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6] 

SRV ^^-ir ?MH #7l c-flolE^ 43 cf-gr Sttl^fl^ #5) 

sq^r 2151 ^^^Is^ #7] ^H'jHl ^^sf ^£--8: #4l^S 

&4 -SM ^^41^4 #71 s]*v crj^s)- ^.g^g- ^av*v ^ 

-8- 7RHH ^12^1^5. #^*Rr il^l- 3 ^tij^-i- s^io S ^ # 7 ] # 

*1. 

7] 
8] 

c-flolE^ #«<*] ^ofl njel ^^fl^l 3flE4# 7M^ ^ 431- 4lS» ^41^} 

-n, A oM ^4141« ^40)1 o}*fl cf ^^^^o^ ^flvgAijrsq- ^ ^11 
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#7l ^31-1-* ^£ ^^^SLS.*] #^5}^ ^ 3l# ^fl^^lS^ ^JE 3# *fl^ 

#Jl« 7>#*H o^s} ^^(cos S^r ^4 ^£(sin ^^O^JLS <>1^-<H*1 7># *fl 

^Al^» #^*Rr 4^4, 

^-7] Al^^l- cf^- ^tf^^-o_jS.M) f^TT ^ ^# ^^^1^ Z\M $1# ^ 

^1^1" ##«H #7l 7}^r ^^AlsSf ^|j}E^ ^-g-(sin ^€0 HL^r ^ 
(COS $&)&±3, ^l-f-^^l ## #^*Kr 

4^- ¥ *fll ^ *U27}# ^^As.^ A)! ^ *)12## 

^H^iL-M #7l Ai7}# ^^^Issf ^-71 2fli## ^M^J^l £^*v *fli$1# 

#7l ^127>^> ^fl^^lS^- #7l *)l2## ^^^3L^1 ^ *ll23l# ^ #7l ;*fll^# 

£4 #7l *fl2^# SHI ^«fl ^#3^ 2*> 7l^7lofl 3*H ^^Hr J2.5L^ ^*Hr 

4^^- 5£f-f-i: ^H^S *Rr #7l « 0 >^. 

9] 

^18%H1 91°]*}, #71 $3 ^#1:°1 ^ o]-o^^^ ^ 7 l 7^7|^ o^s}. 

^3 7># ^^#5l# #^^>J1, #71 ^-#71^ ^4 ^-g-cq ^-AV ^^Jit #3^8: ^ 

*}*r #71 "J-^. 
[%^# 10] 

*H9%H1 51^^ , #71 ^11 ^ ^12^1# ^ #71 afll ^ *fl2## *l|\t#Ji W 

S §>ji #71 afli ^ *fl27K]: ^^^IJ: AA^c *}^r ^1 ^ *H2^4- ^«. (tan 

# T^oL, #71 A]l ^ ^2^^Sl- ^^-ofl ^<H*m ^ 71] Si ^# ^ 
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#7l 



^ 2003/12/1 



11] 

^SLS. *}£r #7l 
12] 

^linHl &<>H, #7} *\U 31 *fl23l# ^ #71 *fll ^ *H27}# ^^#s 
5. *>J1 #7] afll ^ *fl2## ^^^IJ: 4^-1: £3.5L ^ afll ^ *fl2^ A #£(tan 
* ^>JL, #7l afll * ^2^^^ #^ll Sl*fl «£<H*m ^ 7 fl^ ^# ^l-<a ^ 
#71 

131 

^18%H1 511*1*1, 

#71 t])o)B] 4£ ^i^^^S.^ #33^ ^ 3# ^>i#S^ #71 

$LE.*H°\] £*\® ^^--gr #71 cflolB] >g-«~§- t)-£ ?ltH^^-o_^Ml #^ 

S)^ 3] in ^# ^^Ajssl- #71 ^sHr S1*V ##^J15. 
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A oM ^4\$.s* -SM ^H3H1 3^ ^^--g- ^>*v &4 >y-7l 



[^^J- 14] 

*\}8*M 91*1*}, ^s}-^ ^^>^ 4-^* 3 ^p-Hl^ ^^io S 

*V*r ^71 . 

15] 

^ 3# ^^Ul^ ^71 ^JE *mil3L2) ^.S^t J±#*>7l .2.= ^ 

42t^^ ^-2: 4]« # ^*A*1 3^-8: 43«ol 

^-7] HHE| c}-g- ^^iliM #^£]^ ^^^Issf ^1 in. ^ 

W^ls* 71-^H ^^-(cos ^-g-) 3^ ^^s)- ^^-(sin ^^OthS-S. ol^^l 7>^r 
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^^1^* ^-71 7}*} zmilZLQ ^-§-*>i^- ^4 ^(sin ^) HL^ <^s}- 
^£(cos <S*)*h£.3. 01 = ^^1 ^-av ^^Al^- #5^}^ ^R>7l2h 

A 1S 4S- ^ zfrzWH *fl^5|fe *fll ^ ^27>^V *fli ^ ^12^ 

#71 *fl27RV ^^^Is^ ^-71 ^12^ ^^J^l 2}*1 ^12^^- S-i- ^}^, #71 *Hl^ 

&4 ^-71 ^12^^- SHI ^*fl *§^3*r 2*> 7l^-7lofl oq^rfl St-H^* M$ ^ 

7>}±r #7] . 



16] 

*fll5%Ml 5*^, a>71 n]^ ^^fl^l ^Qo- (1,1), (1,-1), (-1,1), (-1,-1) ^ofl ^M- 

^-^-5.5- *Rr ^-7) 

[^T 1 * 17] 

*1]16%M1 $Z*-H , ^-71 nie) ^sfl^i sfleioi (i,i) 3^ ( _i,_i)oiig a o v 71 7 }^7}^ ocjTg 

^^Ai ^7} #*]. 
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[3^* 18] 

*l|i7qM sa°W, #7) *fll * *H2fl# ^ #7l ^ *ll2## jH^Jl zj-z^ 
3. *}JL #7l afll g ^27R> n^S. AA^c f£S ^ ^1 ^ ^12^4 ^^-(tan #£-) 

* ^>JL, #7l ^1 ^ *fl2^34 #£-°fl S]*fl <2<H*lfe ^ 7flfi] ^# ^^-5- ^ 
#71 #*1. 

19] 

*fll6*<Hl 5a°H, a o > 7 i Aj. 7 ) Dls1 ^^^i afl^o] (1,-1) (-1,1)°1^ #71 7RV 7 i^ 

^«-0} 7 ].A> ^fl^AlSl- #71 ##71 ^ C^^iJ. A^W-O} 7 D VAV ^^£1 ^ 

^ ^^-S. ^ #7l #*1. 
20] 

*H191M1 %1°\*\, #71 *fll §3 *fl23l# #71 ^1 ^ *fl27># ^aIJl z}-^ «-7> 

S. #71 *fil * *fl2## ^fl^#^ £-2.5. ^ *U * ^112^^4 ^-g-(tan #-g-) 

* ^j-Jl, #71 *fll ^ 2)12^34 ^^-ofl o}*fl o3o^j^ 2= 71)0} o^V ^ f ol ^lo^ ^ 
#71 #*1. 

21] 

^115*^1 91°]*), 
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SL = 4W ^tb o^^4 ^a>*V «MH ^"71 3He1 -aM-fr 4£ ^^JlS*] 

£)tt ^iH *11^JL2}- ^5}-^ £.= 3H1 ^s)- ^«.o. ^xy^. ^aJ-^-o.^ 

*| ^ll^l^l- #^^>JL, #7] ^ Jfl# ^-tUL^ ^7) ^.H^ofl 21*}- ^4 -^-£-8: 

&4 ^71 Jfl>S- ^fl^^lJl^- ^-71 ^sHr 2l*V o^^s). a^w.^. ^a>*> # 

* 7KHH *1124JJLS f^5}^ j^H^I iL^fl- 3 ^-Wl^-* ^JlS. *>^r <#7] # 

22] 
23] 

C-flojBl <g-§; ^^Jl, #71 ^IaJJtS. i^o) tij-^sfofl cf£ ^U^Sf 

*1 ^-i: #3«Hr 4^4, 
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^^-(cos >S*) Hfe ^4 ^^-(sin ^£-)*h°3. 7 >a> 

7>^V ^fl^Ai^sq- #-§-*K£-Ij- ^^-(sin -^-S-) 2Ett 

^^-(COS ^^)^0_5. Ol^^l #^*Rr 4^4, 

S^*}^, 2fll7R> *11^Jl4 *I|1#4V *fl^ti;M ^tb &4 

^-71 *H27KV ^^JL^ ^-7) ^12^ ^^IJLofl ^|2fl^ ^H, ^71 ^fll^^- 

&4 Aj- 7] a^tf SHI ^*fl <8^S|*r 2*V 7l^7l<Hl 

#71 7,§ Al tg^Ofl o]Sfl ^-71 ^.H^^- #^*Rr 4^-§T if-^-l- ^ *Hf 4 V 7l 

24] 

^23%H1 &<>H, ^-71 Die] ^^^1 sfli^ (l,l), (1,-D, (-1,1), (-1,-1) f^l *>M- 
^HJiLS. *Hr ^-71 « 0 >^. 

25] 

*I124%H1 A o V 7l nlE) ^sfl^l sfl^o] (1,1) £ ^ (-1 ,-1)0]^ ^-71 7>^7l^ <*| ^ 

4 ^-g-^1 71-^4 ^fl^>illt #^*>J1, A o V 7l ^71 ^ ^4 ^-g-°l ^^AjJll- #^^§- 
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S-^JLS *Kr #7l « 0 >^. 
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[3^* 26] 

S. ^>J1 #7l *lll ^ *H27R}- ^^JE. z}-^ §£S ^ *fll % A2^A ^^(tan 
-i: ^}JL, #7l 41 ^ 2)12^4 A^ofl o^fl ojo^^ 7fl2l ^J5.5L 

27] 

^124%H1 &<>H, #7l #7l Dlsl ^Sfl^l sflBio] (1 ( -1) (-1,1)°1^ 7>A]:7l^ 

7># *m*l3L9 #^*>J1, #7l ##7^ o^s). ^ w.o] ^AlSl!- <M 

f"* ^^^-^ ^ #71 

[^^8" 28] 

^127%H1 Sa^i, #71 ^11 1 ^ ^12^1# #7l ^1 ^ *fl27R]- ^v^JL 

5. sfji #7l *fll ^ *fl2## ^^^IJ: zl-z|^- ^ ^ i ui ^12^^3)- ^(tan 

* #71 A\l ^ ^I2^^sl- ^^1 3*fl ^ 7fl3l ^# ^!-<y 

#71 

29] 

^123%H1 5U°1*1, 
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3*1 ^aj.^. ^-71 c-flolEi cf-r Sttl^t^ 

S]^r 2\M ifltf ^m^lJLS}- iLH^Hl ^4 A^-g. ^AV^J. ^ 7UJ|Vo S 

^ ^Aijrsq. ^v 7l ^n>- iLH^Hl ^4 Aj«.o. ^av*v #4 Aj- 7l 

31 JH ^Aj- ^ViAl^Sq. A o V 7] 5~j^ _£.^ofl A^^ ^A>^- ^ 7 >^H ^12^1 

JlsL #^Hr 4^ C-1 ^W]^ SRr ^"71 « c >^. 

30] 

S. ^ #7] «^ . 
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